Abstract. In 1996, we investigated the female reproductive success of the narrow endemic Erodium paularense in a population with a mixture of rock and lithosol microhabitats. The main purposes of this study were to determine the main factors that affected reproductive success and whether these factors were influenced by differences in the two contrasting microhabitats. In both microhabitats, fruit set was low, and seed abortion rates were very high. Lithosol plants were larger and had higher flower, fruit, and seed production than rock plants. We used structural equation modeling (SEM) to analyze the effects of plant size, phenological variables, competition, and flowering synchrony on fecundity and to compare path coefficients among microhabitats. In both microhabitats reproductive success was strongly predicted by plant size and to a lesser extent by flowering synchrony. Flowering moment and intensity did not have a significant effect on fruit set, suggesting that pollinator availability is not a limiting factor in total seed production. This was further corroborated by hand-pollination experiments. Resource limitations, inbreeding depression, and environmental restrictions may be responsible for the high rates of seed abortion. Multisample comparison of path coefficients for the two microhabitats rejected the possibility that reproductive patterns could be described by one single model. The main divergences in both microhabitat models were related to competition. Reproductive data from 1995, a year with below-average rainfall, showed remarkably lower seed production at the lithosol microhabitat and similar values at the rock microhabitat as compared to 1996. The variation of the reproductive parameters between the two years was evaluated by multisample analyses in which 1995 data were fed into the 1996 models. At the lithosol microhabitat, two constrained paths involving seed production produced a significant decrease in fit, whereas at the rock microhabitat, significant differences were found in three paths involving only phenological variables. Thus, the lithosol microhabitat may contribute to greater seed production in favorable years while the rock microhabitat may provide more stable conditions over time.
INTRODUCTION
Patterns of reproductive and demographic responses to environmental heterogeneity at small spatial and temporal scales are very important to plant conservation (Fahrig and Merriam 1994) . Although little examined in the past (Bell and Lechovicz 1994) , they are now increasingly under study (Oostermeijer et al. 1996 , Fischer et al. 1997 , Fischer and Matthies 1998 , Quintana-Ascencio et al. 1998 , Menges et al. 1999 .
Knowledge of the reproductive biology of a threatened plant, including the complete set of phenological traits that critically affect reproductive success, is essential for its conservation, because for many species extinction risk is significantly affected by limiting environmental conditions that directly restrict reproduction (Ratchke and Lacey 1985 , Menges 1991 , Schemske et al. 1994 , Sipes and Tepedino 1995 . Microhabitat heterogeneity can affect reproductive success by influencing plant size, competition, pollinator behavior, phenology, population size, and/or genetic structure (Watson 1969 , Eisikowitch and Woodell 1975 , Mesler et al. 1980 , Herrera 1991 , Pornon et al. 1997 , Oostermeijer et al. 1998 ). Moreover, small-scale spatial and temporal environmental differences are basic to an understanding of plant microevolutionary events (Stanton and Galen 1997) and consequently for the conservation management of the species (Potter 1996) .
It has long been assumed that many rare plants are adapted to stressful conditions and grow in distinct microhabitats (Drury 1974 , Baskin and Baskin 1988 , Kephart and Paladino 1997 . Erodium paularense, a narrow Spanish endemic (Fernández-González and Izco 1989) , classified as vulnerable (V) (Gó mezCampo 1987) and later as endangered (E) (Rivas-Martínez et al. 1990) according to the International Union for the Conservation of Nature and Natural Resources (IUCN) categories, follows this pattern (Albert et al. 1999 ). This rosulate and prostrate chamaephyte grows in two types of stressful microhabitats on isolated dolomitic outcrops: in the crevices and cavities of rocks and in the shallow soils (lithosols) of the nearby grassy communities (González-Benito et al. 1995, Albert and ). Ability to grow on different microhabitats may be a promising strategy for the persistence of the species, especially under unpredictable climates such as the Mediterranean (Major 1977, Keeley and Keeley 1988) . Thus, this plant provides an opportunity to analyze the reproductive response in two contrasting but interspersed microhabitats.
In this paper, we evaluated the reproductive events of E. paularense in two microhabitats within a population for two years by means of structural equation modeling (SEM). We addressed the following questions: (1) Do flowering phenology and female reproductive success vary between the two microhabitats? (2) What are the main factors that affect reproductive success? (3) Do differences in microhabitat affect the factors controlling reproductive success? (4) What is the variation between years of these traits? (5) What are the implications of microhabitat variability for the management and conservation of the species?
METHODS

Species and study area
Erodium paularense Fern. Gonz. & Izco (Geraniaceae) is an endemic of the Sistema Central in Spain. The species is confined to a single locality in the Lozoya Valley (Madrid province) at 1100 m altitude where there are three small populations that grow on rocks and poor soils from isolated dolomitic outcrops in a widely extended siliceous geological landscape (González-Benito et al. 1995, Albert et al., in press) . Mean annual precipitation is 702 mm and mean annual temperature is 11ЊC, whereas the average temperatures of the coldest (December) and warmest (July) months are Ϫ2.2Њ and 26.9ЊC, respectively.
E. paularense is dominant in its two interspersed microhabitats, rock and lithosol, forming part of two very different plant communities. The first is characterized by chasmophytes such as Chiliadenus glutinosus (L.) Fourr. Rhamnus pumilus Turra, and Chaenorrhinum origanifolium (L.) Fourr. and the second by pasture plants such as Anthyllis vulneraria L., Festuca hystrix Boiss., and Helianthemum oleandicum (L.) Dum. Cours. subsp. incanum (Willk.) G. Ló pez (Fernández-González and Izco 1989, Albert et al., in press ). The study was carried out in the most accessible population (Population I of González-Benito et al. 1995 , population size: 1609 ). In this population, both microhabitats are equally represented, and mature plants of E. paularense are almost evenly distributed between microhabitats (45% in lithosol and 55% in rock).
Three new populations have recently been detected in Cañ amares (in the province of Guadalajara), 200 km east from the Lozoya Valley, growing on andesite outcrops. They have been provisionally ascribed to this species, although comparative genetic studies show great differences between the populations at the two locations (Martín et al. 1999) and suggest the existence of taxonomic differences.
E. paularense is a woody rosulate chamaephyte with three to eight flowers clumped in each pedunculate inflorescence. Flowers are protandrous with visible nectar production. Controlled pollination experiments indicate that E. paularense is a self-incompatible species (M. J. Albert and J. M. Iriondo, unpublished data) . Fruits, schizocarps of five one-seeded mericarps, can be formed from both self-pollination and cross-pollination events, but seeds are only formed from crosspollination.
Census scheme
In 1996, 137 randomly selected plants from the rock microhabitat and 115 from the lithosol were tagged. Clusters of rosettes located at a minimum distance of 2 cm from each other were considered different individuals (González-Benito et al. 1995) . As the plant is prostrate, plant size was estimated by the maximum diameter of the rosette cluster (González-Benito et al. 1995) . The intensity of intra-and interspecific competition from neighbor plants was estimated by the percentage of perennial plant cover in the available soil surface of the rock pocket and in a 15 cm radius from lithosol tagged plants (range where competition may be relevant according to our observations).
The number of flowers was counted on each plant at 3-4 d intervals (mean flower duration; M. J. Albert, personal observation) throughout the flowering and fruiting period for 23 censuses. At each census, viable seeds were counted directly on fruits when mericarps were ready for dispersal (brownish colored and turgid; González-Benito et al. 1995) . In order to avoid counting fruits twice, total fruit number was determined at the end of the fruiting stage since once the mericarps dispersed, the axial column of schizocarps remained on the plant.
Flowering phenology was evaluated in each tagged plant by means of four variables: moment, duration, intensity, and synchrony. Moment was defined as the days elapsed between the first bloom in the population and the day of maximum flower count. Duration was calculated as the days elapsed between the appearance of the first and the last flower (Dafni 1992) . Intensity was estimated as the maximum number of flowers on a census day (modified from Herrera 1986 where n is the number of plants, a ij is the days on which j and i individuals are simultaneously flowering, and b ij is the days on which at least one of them ( j and/or i) is flowering. This index ranges from 0, when there is no synchrony, to 1 when flowering overlap is complete. Female reproductive success was estimated through absolute and relative variables. The first set comprised number of flowers, number of fruits (expanded ovaries with or without seeds), and number of seeds per plant, and the second, fruit set (proportion of flowers that set fruit) and number of seeds per fruit.
In 1995, 28 randomly chosen plants from the rock microhabitat and 33 from the lithosol were also tagged as a part of a demographic monitoring survey. All the above-mentioned variables were estimated, except for competition.
In order to follow seed development, Ͼ2500 randomly selected nonmature fruits of E. paularense with a maximum of six fruits per plant were obtained from 450 plants of the monitored population (period 1996-1998) . Parasitized fruits (7%) were excluded. In 1998, 108 nonparasitized E. paularense fruits (one per plant) were randomly collected from one of the recently discovered Cañ amares populations (hereafter Cañ amares) for comparison purposes. To provide a baseline for comparison, two widely distributed representatives of the genus, E. ciconium and E. moschatum, were also included in this study. Thirty-nine and 116 fruits (one per plant) were randomly selected in one nearby population of each species, respectively. Mericarps were opened and the number of viable seeds and aborted seeds (wrinkled, thin, and poorly developed) together with the number of empty mericarps were counted in each fruit.
The possibility that pollen quantity may limit reproductive success was also evaluated by a hand-pollination experiment in the population studied. In 1996, 40 plants from the rock habitat were tagged, and the available flowers at each census were pollinated by hand at the female stage with abundant pollen obtained from at least five plants of the same population. Fortyfive plants of the vicinity were used as control. All plants used in this experiment were different from the ones used in the larger census.
Numerical analysis
Comparison of means was carried out by standard t tests or the Mann-Whitney test when necessary. Normality of the variables was studied through the Kolgomorov test (P Ͼ 0.1) and homogeneity of variance by the Levene test (P Ͼ 0.05). Appropriate transformations were applied to improve normality in some variables (Zar 1984) . Significance level was adjusted in multiple comparisons (Table 1) with the Bonferroni method.
Structural equation modeling (SEM) was used to investigate how well the data support a set of hypothesized relationships among the variables (Hayduk 1987 , Loehlin 1987 see Mitchell 1992 for ecological applications). The advantages of SEM in path analysis are related to the possibility of testing the overall agreement between the path model and the data and the evaluation of nested models (Cloninger et al. 1983 , Loehlin 1987 , Breckler 1990 ).
The relationships illustrated in our path diagrams arise primarily from knowledge based on previous studies and field experience with Erodium paularense (Iriondo et al. 1994 , González-Benito et al. 1995 , Albert and Iriondo 1997 . The model ( Fig. 1) proposes that female reproductive success of E. paularense, a self-incompatible plant, is mainly influenced by plant size, competition, intensity, moment, and flowering synchrony. We hypothesized that plants with a greater diameter would have more flowers and a higher intensity, because larger plants are likely to have more meristems dedicated to reproduction. Therefore, we expected that the number of flowers and intensity would be correlated. We also expected a correlation between moment and intensity because both variables are conceptually related, and they might both depend on a common physiological variable of the plant. We hypothesized that fruit number would largely be a function of flower number and also that seed production would be a function of fruit number. As E. paularense is the dominant species in both the lithosol and the rock microhabitats, we expected that E. paularense plants with a greater diameter would have less competition from nearby plants as observed in many other species (Fowler 1986 ). We also expected that competition might affect total seed formation through resource limitation. We assumed that pollinators visiting E. paularense would respond to phenological traits such as intensity and moment. Plants with greater intensity would be more attractive to pollinators and the time when the flowering peak is reached (moment) would condition pollinator availability (Augspurger 1981, Gross and Werner 1983) and utilization of seasonally available resources such as light or water (Schmitt 1983 , Marquis 1988 , Galen and Stanton 1991 . As a result of all this, these phenological variables would influence fruit set and fruit number. Intensity and moment would also affect reproductive synchrony with potential mates (Augspurger 1981 , Marquis 1988 . Being a self-incompatible species, flowering synchrony with other plants of different s-genotype is essential for fecundation and seed formation. Moment (flowering time) may also strongly affect reproductive success by determining synchrony with, and thus vulnerability to, floral herbivores and seed predators (e.g., Breedlove and Ehrlich 1968 , 1972 , Augspurger 1981 , Schemske 1984 , Pettersson 1991 , English-Loeb and Karban 1992 .
Model estimation.-We utilized SEM as a tool to evaluate complex hypotheses of multivariate relationships, because it allows simultaneous significance testing for the set of individual path coefficients and the analysis of how multiple data sets differ when fit to the same path model, a procedure called ''multisample analysis'' (Bentler 1989) . SEM analysis was performed with the CALIS procedure of the SAS statistical software package (SAS Institute 1990).
The maximum likelihood method was used to estimate standardized path coefficients, which are equivalent to standardized partial regression coefficients. The model was evaluated separately in each microhabitat. Only plants that flowered were included in the analysis (107 plants in each habitat). Diameter and intensity were log transformed to meet the assumption of multivariate normality. We tested for collinearity among predictor variables by calculating variation inflation factors (VIFs) for each variable (Petraitis et al. 1996) . None of the variables was eliminated because their VIF values were below 10 (Chatterjee and Price 1991).
We did not allow estimation of the path coefficients for the effect of fruit set on fruit number but instead fixed their values to their standardized partial regression coefficients. This was necessary because fruit set was not measured independently, but rather calculated from flower number and fruit number, and allowing these path coefficients to be freely estimated would artificially increase the model fit (Loehlin 1987) .
Statistical criteria.-SEM allows assessment of the degree of fit between the observed and expected covariance structures, expressed as a goodness-of-fit 2 . The test statistic is asymptotically distributed as 2 under the assumption of multivariate normality. Deviation from multivariate normality (for which univariate normality is a prerequisite) may affect goodness-of-fit tests. A significant 2 indicates that the model does not fit the data. Degrees of freedom are calculated as the difference between the number of unique elements of the covariance matrix on and below the diagonal (n(n ϩ 1)/2, where n is the number of variables) and the number of coefficients estimated: number of paths ϩ number of analyzed covariances (correlations in the path diagram) ϩ number of variances (one for each variable). However, a significant 2 can also result from violation of several assumptions whereas failure to reject a model (a nonsignificant 2 ) may result from inadequate statistical power (Bentler 1989 , Mitchell 1993 . Therefore, we also used the Bentler-Bonett normed fit index (NFI), which is based on the model 2 relative to that of a model that assumes independence of all variables. Tanaka (1987) also recommended the simultaneous use of the goodness-of-fit index (GFI) (Tanaka and Huba 1985) because it is not affected by the methods of estimation. NFI and GFI range between 0 and 1, with values Ͼ0.90 indicating a good fit (Bentler 1989) . We used multivariate Wald tests to assess the significance of individual path coefficients. The Wald test located the set of path coefficients that can be considered zero without worsening the fit (i.e., significantly increasing the 2 ) of the model (Buse 1982 , Bentler 1989 . Significance tests are possible only for direct effects.
Multisample analyses.-One goal of this study was to determine whether the relationships between variables differ between microhabitats and within each microhabitat between years. Multisample analysis was carried out by imposing cross-group constraints on the path models in which the path coefficients were constrained to be equal in both groups (Bishop and Schemske 1998) . Next, a Lagrange multiplier test was used to identify the sets of constraints which, if simultaneously released, would result in a significantly better model (Bentler 1989) .
Original/reduced model comparisons.-In order to allow comparison between years, it was necessary to test the significance of a reduced model of 1996 data including only those parameters which had also been measured in 1995 (competition was excluded). Only if the reduced model satisfactorily described the data could a multisample test be undertaken for year comparison in both microhabitats. The significance of the difference in fit for two models, one contained in the other, can be tested since the difference between their 2 is also distributed as a 2 with degrees of freedom equal to the difference in degrees of freedom between the two models. The difference in 2 is a direct test of the significance of constraints not shared by the two models, given the underlying shared constraints (Hayduk 1987 
RESULTS
Female reproductive success
Erodium paularense plants flowered in 1996 for a period of ϳ3 mo. The highest percentage of flowering plants and the largest mean number of flowers per plant were reached between mid-April and mid-May. Monitored plants which had a diameter of Ͻ4 cm did not flower. From the monitored plants which had a diameter of at least 4 cm, 86% flowered, 71% produced fruits, and 44% produced at least one viable seed. Fruit set and mean number of viable seeds per fruit were very low (16% and 0.31, respectively, Table 1), and for three consecutive years a high percentage of schizocarps with no viable seed was observed (Fig. 2a) . In 1996, of all the seeds that the flowers could theoretically have produced (five per fruit), only 1.2% were formed. Each flower-producing plant had an average of 68 flowers, 11 fruits, and 4 seeds (Table 1) .
When flowers were hand pollinated, there was no increase in fruit production (hand pollination: 15.56 Ϯ 14.43 fruits per plant [mean Ϯ 1 SD], n ϭ 40, control: 14.40 Ϯ 20.69 fruits per plant, n ϭ 45; t 75 ϭ Ϫ0.78, P Ͼ 0.05) nor in seed production (hand pollination: 5.84 Ϯ 6.30 seeds per plant, n ϭ 40; control: 5.76 Ϯ 8.88 seeds per plant, n ϭ 45; Mann-Whitney U ϭ Ϫ0.88, P Ͼ 0.05). Furthermore, fruit set did not increase in hand-pollinated plants either (hand pollination: 0.21 Ϯ 0.18, n ϭ 40, control: 0.17 Ϯ 0.11, n ϭ 45; t 75 ϭ Ϫ0.78, P Ͼ 0.05; variable arcsine square-root transformed).
The number of viable seeds per fruit remained low in 1997 and 1998 in the studied Lozoya population, although a significant increase was detected between 1997 and 1998 (U ϭ 5843.5, P Ͻ 0.01). Even fewer viable seeds were observed at the Cañ amares population of E. paularense (Table 2) . On the other hand, in 1998, the number of viable seeds per fruit was approximately three times higher in the more aggressive and shorter lived E. ciconium and E. moschatum than in the E. paularense population studied. In contrast, the number of aborted seeds was significantly lower and empty seeds were very rare (Table 2) . In E. ciconium and E. moschatum an almost ''all or none'' pattern was observed in the distribution of the number of viable seeds per fruit, a pattern very different from the one observed for E. paularense where frequency declined as the number of viable seeds per fruit increased (Fig. 2) .
Microhabitat variability
Average plant size of each microhabitat differed significantly (t 246 ϭ Ϫ4.88, P Ͻ 0.001; variable log-transformed). Plants growing on rock were smaller (11.76 Ϯ 4.78 cm, n ϭ 137) than those growing on lithosol (16.15 Ϯ 7.55 cm, n ϭ 115).
The flowering period was markedly longer and more intense in the lithosol plants. Within-population flowering synchrony was similar in both microhabitats reaching ϳ50% (Table 1) . However, within-microhabitat synchrony was significantly greater in lithosol Ecology, Vol. 82, No. 6 plants (lithosol: 0.51 Ϯ 0.10; rock: 0.44 Ϯ 0.14; U ϭ 3801.5, P ϭ 0.0001, Mann-Whitney test). The production of flowers, fruits, and seeds was higher in the lithosol (Table 1) . Similarly, fruit set was also greater in the lithosol than in the rock microhabitat. However, no differences in the number of viable seeds per fruit were detected between microhabitats (Table 1) .
Path analysis
Model fit.-The models obtained for the rocky and the lithosol microhabitats from 1996 data had BentlerBonett GFIs and NFIs Ͼ0.90 indicating that they provide an excellent fit compared to a null model that assumes independence among all variables (Fig. 1, Table 3 ). Both models had a nonsignificant 2 (P Ͼ 0.05) which implies that the covariance structure specified by the model could not be rejected given covariance structures of the data (Table 3) . In both models flower number and intensity were strongly predicted by plant size (Fig. 1) . Flower number had the greatest direct effect on fruit number and fruit number had the greatest direct effect on seed number. Although the model did not allow for plant size to have a direct effect on fruit number and seed number, plant size did have strong indirect effects on these traits through flower production (Table 4) . Fruit set, synchrony, intensity, and moment also had strong indirect effects on final seed production (Table 4) .
Comparison of rock and lithosol microhabitats.-Both models presented similar patterns as, for every relationship, the path coefficients of both microhabitats always had the same sign and, in most cases, a rather similar value. In the lithosol, the effect of size on seeds, via flower and fruit number, was greater than in the rock microhabitat. Note that competition in the rock microhabitat significantly reduced final seed production whereas this relationship was not significant in the lithosol. Although the magnitude of the effect is smaller, competition was reduced by plant size, but only significantly in lithosol. Thus, the multisample analysis of the lithosol and rock microhabitat models rejected the hypothesis that both microhabitats could be described by an identical model. The Lagrange multiplier index test rejected 5 of 32 possible constraints indicating that the constraints resulted in a significantly higher 2 (Table 5 ). The greatest differences involved the variable competition, and the size → competition path was the only path where differences were significant in both comparisons.
Temporal variation.-A remarkable differential temporal pattern was observed between microhabitats when the 1995 data set (122.5 Ϯ 143.07 and 48.42 Ϯ (Table 1 ). In the rock microhabitat, the total number of flowers and fruits was higher in 1995 than in 1996, although seed production was quite similar (Mann-Whitney U ϭ 1743.5, P Ͼ 0.1). However, in 1995 lithosol, fewer flowers and more fruits were observed, and a drastic drop in seed production was recorded (U ϭ 1338.0, P Ͻ 0.01). Reduced models in which the competition variable had been deleted were carried out in order to be able to contrast 1995 data in the 1996 models. Since, in both microhabitats, the goodness-of-fit statistics of the reduced model were comparable to those of the original model and the comparison between the reduced model and the original model did not result in a significant increase in 2 (Table 3) , the reduced models were used for the temporal comparisons. When 1995 data was introduced into the 1996 model in rock microhabitat, the intensity → synchrony, moment → synchrony, and moment → fruit set paths were rejected by the Lagrange multiplier test, thus indicating that the model derived from the 1996 data did not fit the 1995 data well because of relationships involving phenological variables. In lithosol, 2 of 13 possible constraints were also rejected, both related to total seed number (Table 6 ).
DISCUSSION
In spite of the great flower display of Erodium paularense plants, female reproductive success was very limited (Table 1) . The low number of viable seeds per plant observed in 1995 and 1996 further confirms the results of previous years (González-Benito et al. 1995) in the sense that this low seed production is not an isolated event but a general trait of the species. These values are also similar to those observed in other nearby populations in Lozoya (Albert and Iriondo 1997) .
In 1996, this low seed production was mainly due to the low values of fruit set and number of viable seeds per fruit. The average fruit set (16%) recorded for E. paularense falls slightly below the mean value (22%) for hermaphroditic species (Sutherland and Delph 1984) . From a maximum potential number of five seeds per fruit in Erodium species, the Lozoya and Cañ amares populations always had mean values below one. However, in 1997, the number of viable seeds per fruit in another endemic rocky species of the same genus, E. cazorlanum, was slightly higher (1.23 Ϯ 1.66 seeds per fruit, n ϭ 98; M. L. Osorio, personal communication). Moreover, common weedy congeneric species such as E. ciconium and E. moschatum clearly present a superior female reproductive success ( Table  2 ). The distribution of the number of seeds per fruit observed in E. paularense differed from the ''all or none'' pattern of these two weeds (Fig. 2b) . There seems to be a number of seeds per fruit below which the plant will not ripen the fruit, perhaps because fruits with many seeds mobilize plant resources more effectively than fruits with few seeds (Stephenson 1981, McDade and Davidar 1984) . This pattern with either 0 or 5 viable seeds (Fig. 2b) indicates that plants invest in ripening fruits with full seed set and abort the others. However, in E. paularense, fruits most often had a low number or no viable seeds combined with a complementary number of aborted seeds (Fig. 2a) . These results sustain the widely accepted idea that common Notes: 1995 → 1996: the model constrained by 1996 path coefficents is fitted to 1995 plant data. Paths with significant 2 differ between years. The 2 is the increment in model 2 caused by forcing that path coefficient to be constrained to 1996 data.
* P Ͻ 0.05, ** P Ͻ 0.01, as assessed by Lagrange multiplier test index.
species tend to produce more seeds than related rare species (Fiedler 1987) .
Factors affecting female reproductive success
Model results suggest that reproductive success of E. paularense is partially affected by plant size, synchrony, and flowering phenology. The magnitude of path coefficients in both rock and lithosol models shows two major trends both starting from plant size. One trend describes the strong positive effect of plant size on the successive absolute reproductive variables, whereas the other shows the effect of plant size on flowering synchrony, through some phenological traits, and the positive effect of synchrony on total seed number through the number of seeds per fruit.
Plant size.-The great effect of plant size on absolute reproductive components is a general pattern in many plants (Samson and Werk 1986 , Herrera 1991 , Mitchell 1994 , Ollerton and Lack 1998 . The numbers of flowers, fruits, and seeds produced by a plant strictly depend on the availability of resources (photosynthates), which is primarily determined by plant size. This relationship between plant size and reproductive success has been interpreted as an indicator that, for a particular size, a constant proportion of additional biomass is addressed to seeds (Stö klin and Favre 1994). As noted for other cliff plants, the lack of rooting space may be the primary reason why plants of rock microhabitat are smaller and stunted (La Roche 1980, Matthes-Sears and Larson 1999) .
Phenological variables.-Pollen limitation is common in plants, although not universal, and causes low fruit set (Schemske 1980 , Bawa and Webb 1984 , Campbell and Motten 1985 , Garwood and Horvitz 1985 , Horvitz and Schemske 1988 , Burd 1994 . Pollinator availability often depends on the flowering moment, especially in plants with extended flowering periods (Mosquin 1971 , Godley and Smith 1981 , Thien et al. 1983 , Rathcke and Lacey 1985 , Herrera 1988 , such as E. paularense. Moreover, flowering intensity may be a crucial factor in attracting pollinators (Wyatt 1982 , Rathcke and Lacey 1985 , Guitián and Sánchez 1992 . However, in both microhabitats of E. paularense, neither flowering moment nor intensity had a significant effect on fruit set. This lack of effect suggests that pollinator availability (quantity of pollen) is not a limiting factor in total seed production. This hypothesis is further corroborated by the fact that no increase in fruit or seed production was observed when plants were hand pollinated. An additional observation supporting pollinator availability is the low number of empty seeds found in fruits (Table 2) .
In contrast to the lack of effect of phenological variables on fruit set, flowering intensity strongly predicts synchrony and is strongly correlated with total flower number (see Appendix). Plants with more intense blooming are more synchronous and seem to show matching responses to similar environmental conditions (Rathcke and Lacey 1985) . As observed in other high mountain Mediterranean species (Gó mez 1993), climatic conditions appear to adjust the flowering patterns of plants. On the other hand, the negative path between total flower number and synchrony is a consequence of the strong correlation between total flower number and flowering duration (rock: r ϭ 0.65, P Ͻ 0.001; lithosol: r ϭ 0.72, P Ͻ 0.001), indicating that plants with many flowers have a very long flowering period (Schmitt 1983, Ollerton and Lack 1998) .
Synchrony.-The level of flowering overlapping among individuals defines the potential number of plants an individual may interchange genes with, and thus, the effective size of the population (Augspurger 1981) . This is especially important in self-incompatible plants with small populations such as E. paularense, where pollen quality (s-allele diversity) can have a determinant effect on seed set (Reinartz and Les 1994 , Byers 1995 , Morán-Palma and Snow 1997 , Wolf et al. 2000 . In the studied population, the mean synchrony of 46% puts some restrictions on gene flow among individuals. In both models synchrony positively affected the number of seeds per fruit. This is a logical effect in a self-incompatible plant. It has been demonstrated in several other species that flowering in synchrony with the population is a crucial component of the reproductive fitness of an individual (Primack 1980 , Augspurger 1981 , Marquis 1988 , Guitián and Sánchez 1992 .
The number of viable seeds per fruit was extremely low in the studied population. In addition to self-incompatibility mechanisms, several other factors must be limiting since, in most cases, the absence of viable seeds was due to the presence of aborted seeds. The main cause of seed abortion in many species is resource limitation (Stephenson 1981, Garwood and Horvitz 1985) , although other factors, such as inbreeding depression and climate, may also be important (Bookman 1983 , Lee and Bazzaz 1986 , Stephenson and Winsor 1986 , Wiens et al. 1987 , Jordano 1988 , Obeso 1993 , Thomson and Dommée 1993 . Assuming the rock and lithosol microhabitats differ in availability of resources, the absence of differences in the number of viable seeds per fruit (Table 1) would not support the hypothesis of resource limitation. On the other hand, the high levels of electrophoretic genetic diversity detected in the studied population (Martín et al. 1997 (Martín et al. , 1999 suggest that presumed population bottlenecks may not have been severe enough for genetic drift to eliminate substantial diversity, and, thus, would not favor the hypothesis of inbreeding depression. Further research is needed to determine the precise causes of seed abortion in E. paularense.
Variability in contrasting microhabitats
Although phenological and reproductive patterns of plants of both microhabitats seem to follow, in a general way, similar schemes, they cannot be described by identical models (Table 3) , at least in 1996 when spring and summer rainfall was above mean. In lithosol, early flowering plants show a more intense blooming than those that flower later, whereas in rock, early flowering plants benefit from higher synchrony (Fig. 1) . The smaller size of rock plants may account for their shorter and less intense flowering.
All absolute reproductive variables (flowers, fruits, and seeds) were higher in lithosol in 1996. Since plant size greatly predicts the value of these variables in both microhabitats, such differences in fecundity between habitats may be caused by the smaller mean plant size of rocky plants. Thus, large plants seem to be at a reproductive advantage (Ollerton and Lack 1998) . Furthermore, the weaker relationship between plant size and absolute reproductive variables in rock habitat may be caused by the fact that resource limitation or water stress more severely affect fitness of small plants (Stök-lin and Favre 1994) . So, a deeper knowledge of regulation of seed production should take into account the relationships among environmental factors and components of seed production, especially those more closely related to plant size (Winn and Werner 1987) . On the other hand, the main divergences between both habitat models are related to the competition variable (Table 5 ). Seed production of rock plants is negatively affected by competition (Fig. 1) , whereas this effect is not significant in lithosol plants. This suggests more intense resource limitation in the former due to the reduced soil pocket that usually appears in rock cavities (Matthes-Sears and Larson 1999) . Chasmophytes, such as E. paularense, are usually able to colonize bare rock crevices but place themselves at a competitive disadvantage if successional plants become installed (Escudero 1996) . Competition in stressful habitats can become very intense and primarily involves underground resources, such as nutrients and water (Fowler 1986 , Tilman 1987 , Goldberg and Novoplansky 1997 .
However, these differences in absolute reproductive variables between microhabitats were not maintained in the two years studied, since a different pattern was observed in 1995. Our results support the idea of Gó-mez and García (1997) in the sense that water is a limiting resource in Mediterranean environments, and high seed abortion levels are a consequence of water deficits. At the studied population, rainfall during the 1994-1995 growing season (September-June) was 38% lower than during the 1995-1996 season. Similarly, 1995 seed production was more than four times lower than in 1996 in the lithosol. However, the low levels of seed production were maintained in the rock microhabitat.
Multisample analyses reveal that two constrained paths in the lithosol and three in the rock microhabitat produce a significant increase in the 2 when 1995 data are used in the 1996 models (Table 6 ). In the lithosol, seed production is involved in the differential paths, whereas in the rock microhabitat only phenological variables are involved. Thus, in the two years studied the rock microhabitat seemed to provide more stable conditions at least in seed production terms. On the other hand, lithosol plants produced more seeds in 1996, but the relationships among variables did not remain stable over the two years. Thus, ability to grow on rock microhabitat may be interpreted as a survival strategy. The low but stable seed production in the harsh rock microhabitat may assure the long-term persistence of the species by complementing the irregular reproductive output in the lithosol (Fiedler 1987) . Similar differences in female fitness influenced by microhabitat have been observed in other Mediterranean semiarid plants such as Moricandia moricandioides (Gó mez 1996) . Furthermore, marginal microhabitats have been considered crucial for the persistence of other Mediterranean species (Jaksic and Fuentes 1980 , Herrera 1990 , Gó mez 1996 , although plants in these habitats produce fewer and smaller flowers.
Conservation and management implications
Results indicate that female reproductive success of E. paularense is determined by various factors that limit the potential number of viable seeds. The multiplicity of effects and the relationships between factors show that the final effect on fitness is better understood using integrated approaches rather than considering factors separately.
An important matter from a conservation perspective is to know whether the low production of viable seeds is a key factor in the species life cycle limiting the regeneration of the population. Available data show evidence of ant seed predation and low seedling recruitment (M. J. Albert, J. M. Iriondo, and A. Escudero, unpublished data) in the population studied. We are not certain at this point whether conservation measures that could be taken to enhance seed production would positively affect the regeneration of the population. According to the safe sites saturation hypothesis (Calvo 1993) , the number of appropriate microsites for seed germination and establishment is limited, especially in rocky habitats, and the present low production of viable seeds may be enough to satiate these available sites. Instead of the low levels of seed production, the low availability of appropriate niches (i.e., dolomitic outcrops in a siliceous landscape) may be the main factor limiting the size of the populations and the distribution of the species. Furthermore, population viability analysis, based only on data from the lithosol microhabitat (J. M. Iriondo and M. J. Albert, unpublished data) , has shown that survival rates of adult individuals are much more important to population persistence than reproductive output and seedling recruitment.
The differences observed in the reproductive behavior of the species under the two microhabitats may also extend to other demographic parameters. Living under the unpredictable climatic conditions of the Mediterranean region, this microhabitat diversity may greatly benefit the viability of the population. Thus, we agree with Potter (1996) that maintaining habitat heterogeneity seems to be crucial to species conservation and that any management program should consider population dynamics at the microhabitat scale. 
